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Abstract: Objective: The purpose of this experimental study was to evaluate the efficacy of carvacrol (CVR) and 
pomegranate (PMG) against methotrexate (MTX)-induced intestinal damage using histopathological and immuno-
histochemical techniques. Methods: Thirty-two male Sprague-Dawley rats, weighing 195-250 g, were divided into 
four groups: control, MTX treatment alone, MTX plus CVR and MTX plus PMG. A single dose of CVR (73 mg/kg) 
was administered intraperitoneally to group III on the first day of the experiment, PMG (225 mg/kg/day) was ad-
ministered orogastrically (with a gavage needle) once daily for 7 days and a single dose of MTX (20 mg/kg) was 
administered intraperitoneally on the second day of the experiment. Intestinal tissues were obtained on 8th day, 
and examined for villus damage, crypt damage, and inflammation. Ki-67 and Caspase 3 staining was used for im-
munohistochemical evaluation. Results: MTX treatment induced villus shortening and fusion, epithelial atrophy, 
crypt loss, inflammatory infiltrate in the lamina propria, and goblet cell depletion. The CVR and PMG decreased the 
severity of intestinal damage caused by MTX treatment. In the MTX-received group, significant inflammatory cell infil-
tration was observed in the lamina propria. Compared to the MTX-received group, the PMG and CVR groups showed 
less villus and crypt damage and less inflammation in the lamina propria. Fewer Ki-67 positive cells were observed 
in the crypts of the MTX-received groups compared to the control group. There were more Ki-67 positive cells in the 
CVR and PMG groups compared to MTX group. The MTX-received group exhibited more caspase-3 positive cells than 
the control group, and the number of caspase-3 positive cells were decreased in the CVR and PMG treated groups. 
Conclusion: This study is the first to show that PMG and CVR decrease MTX-related damage and apoptotic activity 
in intestinal tissue.
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Introduction

Methotrexate (MTX), a folic acid antagonist, is 
commonly used in the treatment of certain neo-
plasms like leukaemia and lymphoma and 
some autoimmune diseases such as rheuma-
toid arthritis, lupus and psoriasis for more than 
60 years [1, 2]. MTX, as a dihydrofolic acid ana-
logue, inhibits the dihydrofolate reductase 
(DHFR) enzyme which catalyses the conversion 
of dihydrofolate to the active tetrahydrofolate in 
the tetrahydrofolate synthesis. MTX, therefore, 
inhibits the DNA, RNA, thymidylate, and protein 
synthesis and eventually causes apoptosis [3]. 
MTX exerts its cytotoxic effects not only against 
cancer cells but also normal cells. MTX-related 
toxicity has been reported in normal tissues, 

particularly tissues with a high proliferative rate 
like hematopoietic system, bone marrow and 
gastrointestinal system (GIS) mucosa [4, 5]. 

Gastrointestinal side effects, like intestinal 
mucosal damage and enterocolitis are the 
major MTX-related toxic reactions. Damage in 
the mucosa of the small intestine results in 
malabsorption and diarrhea [6, 7]. Recent stud-
ies support the idea that apoptosis is causative 
in MTX-related GIS cell loss. However there are 
multiple mechanisms defined for gastrointesti-
nal toxicity, reactive oxygen species (ROS) are 
mainly responsible for MTX-related small intes-
tinal damage [8]. MTX inhibits NADPH dehydro-
genase, an important cytosolic antioxidant that 
functions against the destructive effect of ROS. 
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MTX leaves vulnerable the enterocytes against 
ROS via decreasing glutathione levels [9]. On 
the other hand, MTX-induced activation of 
nuclear factor kappa B was reported to cause 
intestinal mucosal damage and pro-inflamma-
tory cytokine and chemokine production in 
intestinal epithelial cells in vivo and in vitro 
[10]. 

Different anti-inflammatory, antioxidant, anti-
proliferative and immunomodulatory drugs 
have been used to decrease the toxic effects of 
MTX [11, 12]. However, none have provided 
complete protection against MTX toxicity. Thus, 
there is a wide field for new agents that can be 
used to prevent MTX-related damage on nor-
mal tissues.

Pomegranate (PMG) is an herbal supplement 
having anti-inflammatory, anti-proliferative, 
anti-oxidant, anti-carcinogenic and immuno-
modulatory effects [13-15]. Carvacrol (CVR), 
another herbal supplement, has been shown to 
have a curative effect on lung, liver, testicle and 
breast cancer, in addition to anti-oxidant and 
anti-hepatotoxic effects [16-18].  

According to English medical literature search 
we did not find any study on the effect of CVR 
and PMG on MTX-related toxicity in the small 
intestine. The purpose of this experimental 
study was to evaluate the efficacy of CVR and 
PMG against MTX-induced intestinal damage 
using histopathological and immunohistochem-
ical techniques.

Materials and methods

Thirty-two Sprague-Dawley adult male rats 
weighing 195-250 g were used in this study. 
The animals were kept in the animal laboratory 
of our university in a 12-h light/12-h dark cycle 
in suitable cages, and water and food were pro-
vided freely. All the rats in each group were 
given normal pellet food and water during the 
experiment period. The local ethics board pro-
vided consent for the animal experiments per-
formed in this study. 

Experimental protocol

The animals (n = 32) were randomly divided 
into four groups of eight rats each: control, 
MTX, CVR and PMG groups. 

Group 1 (control): The rats in this group were 
not given any drugs and were fed with a normal 
diet. 

Group 2 (MTX): On the second day, the rats 
were administered 20 mg/kg of MTX (MTX, 
Onco-Tain, Faulding Pharmaceutics Plc., U.K.) 
intra-peritoneally. They were fed with a normal 
diet for 7 days.

Group 3 (CVR): A 73 mg/kg dose of oregano oil 
containing 83% CVR was injected intra-perito-
neally on the first day. On Day 2, group III rats 
received a single dose of 20 mg/kg MTX intra-
peritoneally. The plant substance tested in this 
study, CVR (2-methyl-5-(1-methylethyl)-phenol), 
was isolated from steam-distilled essential oil 
of Origanum onites L. collected from Western 
Anatolia, as described by Canbek et al [19]. 

Group 4 (PMG): Pomegranate extract (Pomella®, 
Verdure Sciences, Noblesville, IN, USA) at a 
dose of 225 mg/kg/day was administered oro-
gastrically (with a gavage needle) once daily for 
7 days. On Day 2, a single dose of 20 mg/kg 
MTX was administered by intraperitoneal 
injection. 

Surgical procedures

The total duration of the experiment was 8 
days. None of the animals died during the 
experiment. After completion of the experimen-
tal and control treatments, all the animals were 
anesthetized on the eight day with an intramus-
cular injection of ketamine HCl (50 mg/kg) and 
a peritoneal injection of xylazine (Rompun®; 
Bayer AG, Leverkusen, Germany), 10 mg/kg) 
and euthanized by decapitation.

Histopathological assessment

After excision, the intestines of the euthanized 
animals were fixed in 10% formalin solution for 
48 h. After routine histological tissue prepara-
tion, all the specimens were infiltrated with 
wax, sectioned at 4-5 μm thickness and stained 
with Hematoxylin and Eosin (H&E) and periodic 
acid-Schiff (PAS) according to standard meth-
ods. For histopathological evaluation, all the 
specimens were examined and photographed 
using light microscopy (Olympus BX53, Tokyo, 
Japan). H&E-stained tissue sections were 
examined for villus damage, crypt damage and 
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inflammation. The length of the intestinal villi 
was also measured. 

Villus damage and crypt damage was scored as 
follows: no damage = 0, mild damage = 1 mod-
erate damage = 2 and severe damage = 3. 
Inflammation observed in the lamina propria 
was scored as follows [20]: no inflammation = 
0, mild inflammation = 1 moderate inflamma-
tion = 2 and severe inflammation = 3. The 
heights of 10 intestinal villi (× 10 magnification) 
in each slice were measured on H&E slides on 
a light microscope equipped with a high-resolu-
tion digital camera (Olympus DP21, Tokyo, 
Japan).

Goblet cell loss was evaluated in the PAS-
stained cross-sections [20]. Goblet cell num-
bers were scored as follows: 0-49 cells = 3, 
50-99 cells = 2; 100-149 cells = 1 and ≥ 150 
cells = 0. 

Immunohistochemistry

Ki-67 (Pre-diluted, ready-to-use) (PRM 325 AA, 
rabbit monoclonal, Biocare, Concord, USA), 
demonstrating proliferation, and caspase-3 
Ab-4 (dilution 1:100) (RB-1197-P1, rabbit poly-
clonal, Thermo, Fremont, USA) antibodies, 
demonstrating apoptosis, were used in immu-
nohistochemical staining. Four micrometer 
cross-sections were taken on the positively 
charged slide from each paraffin block. The  
tissue sections were stained using a stan- 
dard immunohistochemical technique with  
a Ventana BenchMark Ultra Automated 
İmmunostainer (BenchMark Ultra; Ventana 
Medical Systems, Tucson, AZ, USA) using heat-
induced epitope retrieval and a standard diami-
nobenzidine detection kit (Ventana). Immu- 
nopositive cells with Ki-67 and caspase-3 in 
crypts were counted in 10 areas at × 1000 
enlargement.

Figure 1. Staining with hematoxilin eosin (HE). A. Control; sharp-edged and long villi, normal cellularity with lamina 
propria; B. MTX; shortening and fusion of the villi, crypt loss and significant inflammatory cell infiltration in the lam-
ina propria; C and D. PMG and CRV; improvement in the villus damage and less inflammation in the lamina propria 
(HE, × 200). Black arrows = Villus; White arrow = inflammatory cell.
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Statistical analysis

For statistical analyses, the SPSS 18.0 (SPSS 
Inc., Ca, IL, USA) software package program 
was used. The mean (± standard deviation) val-
ues of the data were calculated. The compati-
bility of the variables with a normal distribution 
pattern was investigated with Kolmogorov-
Smirnov test. Since the data was not complying 
with the normality of distribution the Mann-
Whitney U test was used in comparison. 
Categorical values were compared with a chi-
square test. P values of < 0.05 were estab-
lished as the threshold of statistical signifi-
cance. All the values were presented as the 
median (range). 

Results

Histopathological analysis

Intact epithelial layer, long crypts, normal cel-
lularity with lamina propria and goblet cells con-

taining sharp-edged villi were observed in the 
histopathological cross-sections of the control 
group (Figures 1A, 2A).

The microscopic evaluation of the intestinal tis-
sues of the MTX-received group revealed severe 
shortening and fusion in villi, with a variable 
degree of epithelial atrophy (Figure 1B). The 
numbers of goblet cells were lower (P < 0.01) in 
the MTX-received group compared with those 
of the other groups, and crypt loss was also 
observed (Figure 2B). In the MTX-received 
group, significant inflammatory cell infiltration 
was observed in the lamina propria. The histo-
pathological changes in the MTX-received 
group are detailed in Table 2.

Compared to the MTX-received group, the PMG 
and CVR groups showed less villus and crypt 
damage and less inflammation in the lamina 
propria (Figure 1C, 1D). The numbers of goblet 
cells were also higher in the PMG and CVR 

Figure 2. Staining with periodic acid schiff (PAS). A. Control; goblet cells in the control group; B. MTX; Significant 
goblet cells depletion; C and D. PMG and CRV; Increased goblet cells (PAS, × 200). Lightning bolt = goblet cell.
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ly cells with rapid proliferation, such as those in 
the gastrointestinal system mucosa [11, 23].

A research has shown that oxidative stress, 
especially neutrophil infiltration, plays a role in 
MTX-related small intestine damage [24]. By 
decreasing glutathione levels, MTX impairs the 
ability of the antioxidant defense system to pro-
tect against ROS, such as superoxide anions, 
hydroxyl radicals, hydrogen peroxide and hydro-
chloric radicals [21]. Intestinal mucositis a seri-
ous side effect of MTX treatment. The dose of 
MTX should be decreased in case of mucositis 
symptom and findings. In our study, the admin-
istration of CVR and PMG, which are anti-oxi-
dant, anti-inflammatory and anti-carcinogenic 
agents, showed amelioration of the toxic effects 

groups compared with those in the MTX-
received group (Figure 2C, 2D).  

Morphometric measurements revealed signifi-
cantly shorter villi (P < 0.001) in the MTX-
received group than control group. A decrease 
in the shortening of the villus length was 
observed in both CVR and PMG groups. The 
mean length of the villi in the CVR group was 
greater than that in the PMG group but not sta-
tistically significant (Table 1).

Immunohistochemistry

Fewer Ki-67 positive cells were observed in the 
crypts of the MTX-received groups compared to 
the control group (Figure 3A, 3B). There were 

more Ki-67-positive cells in the CVR and 
PMG groups compared to MTX group (< 
0.001, < 0.001, respectively) (Figure 3C, 
3D). 

The MTX-received group exhibited more 
caspase-3 positive cells than the control 
group, and the number of caspase-3  
positive cells was decreased in the CVR 
and PMG treated groups (Table 1, Fig- 
ure 4A-D).

Discussion

Small intestine toxicity is one of the most 
common side effect of MTX treatment. 
The treatment duration and the dose of 
MTX, type of disease, genetic, molecular 
and apoptotic factors have a role in MTX-
induced small intestine toxicity. In the 
present study, we demonstrated signifi-
cant decrease in MTX-related toxicity, 
inflammation and apoptosis in the rats 
treated either with CVR or PMG. Our 
study is the first to demonstrate a protec-
tive effect of CVR and PMG on MTX-
related toxicity in the small intestine.

Polyglutamation of folylpolyglutamate 
synthase is necessary for MTX to exert 
its cytotoxic effect. Polyglutamation 
takes place in both normal tissues and 
malignant cells in the body. The accumu-
lation of these polyglutamates in cells 
inhibits enzymes involved in folate 
metabolism [21, 22]. MTX exerts a cyto-
toxic effect against not only cancer cells 
but also other cells in the body, especial-

Table 1. Caspase-3, Ki-67 and villus height values in 
intestinal tissue 

Villus height Caspase-3 Ki-67
Control (I) 650.70±30.80 12.38±2.67 343.50±44.60
MTX (II) 339.44±50.51 36.13±7.04 246.50±43.34
CVR (III) 554.76±31.99 21.75±2.38 342.38±22.47
PMG (IV) 433.79±72.27 27.50±3.12 317.13±16.72
p value
I-II < 0.001 < 0.001 0.001
I-III < 0.001 < 0.001 0.959
I-IV < 0.001 < 0.001 0.195
II-III < 0.001 < 0.001 < 0.001
II-IV 0.003 0.007 < 0.001
III-IV 0.002 0.002 0.028
CVR; carvacrol, PMG; pomegranate, MTX; methotrexate. 

Table 2. Total histopathological scores of intestinal 
tissue

Villus  
damage

Crypt  
damage

Cellular 
infiltration

Goblet cell 
depletion

Control (I) 0 0 0.25±0.46 0
MTX (II) 2.38±0.52 2.13±0.64 2.50±0.53 2.63±0.52
CVR (III) 1.5±0.53 1.38±0.52 1.5±0.53 1.75±0.71
PMG (IV) 2.0±0.53 1.63±0.74 2.13±0.64 2.13±0.64
p value
I-II < 0.001 < 0.001 < 0.001 < 0.001
I-III < 0.001 < 0.001 < 0.001 < 0.001
I-IV < 0.001 < 0.001 < 0.001 < 0.001
II-III 0.02 0.05 0.01 0.02
II-IV 0.03 0.02 0.03 0.01
III-IV 0.161 0.574 0.105 0.328
CVR; carvacrol, PMG; pomegranate, MTX; methotrexate. 
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in intestine tissue. Histopathologically, we 
observed that MTX caused villus shortening 
and fusion, epithelial atrophy, crypt loss, inflam-
matory infiltrate in the lamina propria, goblet 
cell depletion and loss of mucosal integrity in 
the GIS. We found significant recovery in these 
findings in CRV and PMG groups.

MTX mainly exerts its toxic effects in the intes-
tinal tissue due to a redox imbalance, which 
results in apoptosis. In previous studies, apop-
tosis was increased significantly in crypt cells 
and developed in small intestines in MTX-
treated rats. In addition, caspase-3 activity was 
increased significantly following MTX-related 
intestinal damage [12, 25]. In the present 
study, we observed a significant increase in 
small intestinal cells stained with caspase-3, a 
significant indicator of apoptosis. We found 
fewer such cells in the groups treated with PMG 
and CVR. Earlier studies showed apoptosis in 
small intestine tissue with p53 staining and the 
TUNEL technique in rats given MTX, as well as 

death in intestinal crypt tissues with p53 stain-
ing [11]. In our study, the PMG and CVR treat-
ment decreased the tissue damage observed 
in  histopathological and immunohistochemical 
examinations. Previous studies demonstrated 
that PMG and CVR treatment resolved MTX-
related damage and oxidative stress in the lung 
and kidney [26, 27].

The most common immunohistochemical stain 
used for evaluation of cell proliferation is the 
Ki-67 antibody [28]. Leitão et al. showed that 
MTX treatment significantly decreased the 
numbers of Ki-67-positive cells [29]. Although 
the numbers of Ki-67-positive cells significantly 
decreased in the MTX-only group in the present 
study, this decrease was not observed in the 
PMG- and CVR-treated groups.

In conclusion, small intestine toxicity is a seri-
ous complication of MTX treatment. We demon-
strated that PMG and CVR treatment amelio-
rated the MTX induced intestinal toxicity. As the 

Figure 3. Staining with Ki-67. A. Control; A great number of Ki-67 positive cells in the crypts; B. MTX; Fewer Ki-67 
positive cells; C and D. PMG and CRV; An increased number of Ki-67 positive cells (× 400).
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previous studies reported the oxidant effect of 
MTX, we suggest that the anti-oxidant nature of 
PMG and CVR may have protective effect on 
apoptosis in intestinal tissue. Further studies 
are warranted to understand the protective 
effects of PMG and CVR in MTX induced intesti-
nal toxicity.
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